Introduction
The use of prophylactic acyclovir (ACV) has markedly reduced the incidence of early reactivation of herpes simplex viruses (HSVs) after allogeneic bone marrow or blood hematopoietic progenitor cell (HPC) transplantation. 1, 2 Resistance to ACV develops rapidly in tissue culture as a result of mutations in either the viral thymidine kinase or DNA polymerase genes; DNA polymerase mutants are also typically resistant to foscarnet. 3, 4 In early reports, clinical and in vitro resistance to acyclovir was not common after marrow transplantation. [5] [6] [7] Recently, several groups have reported a substantial frequency of drug-resistant HSV infections after marrow or blood HPC transplantation. [8] [9] [10] [11] The latter observations presumably reflect the increased use of unrelated and HLA-mismatched donors, and T-cell depletion of the donor graft, which are risk factors for development of resistant herpesvirus infections. 10, 11 We report an unusually high incidence of drug-resistant HSV infection after haploidentical blood stem cell transplantation involving stringent T-and B-cell depletion of the donor graft.
Study design Patient population and transplantation
Between September 1999 and October 2000, 14 adults with hematologic malignancies underwent blood HPC transplantation from HLA-haploidentical family donors at Emory University Hospital, according to an institutional review board-approved investigational protocol. Pretransplantation conditioning therapy began on day Ϫ10 and consisted of fractionated total body irradiation, thiotepa, fludarabine, and antithymocyte globulin (ATG; 13 patients), or busulfan, cyclophosphamide, fludarabine, and ATG (1 patient). Donors underwent leukopheresis for 2 to 5 days after subcutaneous administration of granulocyte colony-stimulating factor (G-CSF; 10 g/kg per day). Donor pheresis products were stringently depleted of T and B cells by a combination of CD34 ϩ selection and T-and B-cell-negative selection using the Isolex 300i system (version 2.5; Baxter HCC, Roundlake, IL), and immediately administered to the recipient through a central venous catheter. No posttransplantation immunosuppression was given for graft-versus-host disease prophylaxis. Patients with positive pretransplantation serologies for HSV-1, HSV-2, or varicella zoster virus (VZV) received prophylactic acyclovir (5 mg/kg intravenously every 8 hours) from day Ϫ1 until establishment of neutrophil engraftment. Patients also received prophylactic ciprofloxacin, penicillin, and liposomal amphotericin B during the neutropenic period. Preemptive ganciclovir was given for cytomegalovirus (CMV) reactivation, 12 as monitored by weekly plasma polymerase chain reaction for CMV DNA (Roche Diagnostics, Indianapolis, IN). Quantitation of blood T-cell, B-cell, and natural killer (NK) cell subsets was performed by standard flow cytometry at set intervals after transplantation.
HSV reactivation, cultures, and susceptibility testing
Reactivation of HSV was defined as development of one or more clinical lesions, with isolation of HSV by standard culture methods. Isolates were not typed. Initial treatment of HSV lesions consisted of famciclovir or intravenous ACV, except in 3 patients who were treated with foscarnet because initial lesions developed while receiving ACV or ganciclovir. In cases of clinical failure on ACV or ganciclovir, a new culture was obtained and the isolate was sent for drug susceptibility testing by modified plaque reduction assay (Children's Hospital of Pennsylvania Laboratories, Philadelphia). 13 Patient follow-up is reported as of August 1, 2001 .
Results and discussion
Characteristics of the 14 patients treated according to protocol are shown in Table 1 ; data are also presented for patients with and without HSV reactivation. Two patients (both HSV seropositive) died on posttransplantation days 6 and 8, leaving 12 patients fully evaluable for evidence of HSV reactivation. All of the 12 patients who survived beyond posttransplantation day 8 achieved granulocyte engraftment (absolute neutrophil count [ANC] Ͼ 500/L for at least 2 consecutive days), at a median of 11 days after transplantation (range, 9-27 days). Median values for subsets of CD4 ϩ T cells, CD8 ϩ T cells, and CD56 ϩ NK cells at intervals after transplantation are shown in Table 1 . Table 2 provides clinical and virologic details of HSV disease among study patients. Evidence of HSV reactivation was seen in all 7 evaluable HSV-1 or HSV-2 seropositive patients, versus none of the 5 patients seronegative for HSV. As shown in Table 1 , there were no other significant differences between patients with and without HSV infection. HSV reactivation occurred at a median of 40 days after transplantation (range, 12-136 days), at which time the median blood CD4 cell count was 3.5/L (range, 0-44/L). Sites of reactivation included oral mucosa (3 patients), esophagus (2 patients), and anogenital area (3 patients); one patient had lesions at 2 sites (anogenital and esophagus). In 5 patients, lesions developed while the patient was receiving either intravenous ACV for primary HSV prophylaxis (2 patients) or ganciclovir for treatment of CMV reactivation (3 patients). No patient was receiving immunosuppressive medications at the time of HSV reactivation.
Susceptibility testing was conducted on isolates from 5 patients, either because of development of lesions while on ACV or ganciclovir, or failure to respond to initial therapy; all 5 isolates were ACV resistant by in vitro testing. ACV-resistant lesions failed to respond completely to alternative therapy, including higher doses of ACV, foscarnet, or cidofovir. In vitro resistance to foscarnet developed in all 3 patients who were treated with foscarnet. Eventual healing of lesions correlated with immune recovery; one patient has developed recurrent ACV-resistant HSV lesions in association with a drop in the CD4 cell count ( Table 2) . The 2 patients with anogenital HSV posed local management challenges because ulcers were large (Ͼ 6 cm diameter), but no one developed life-threatening HSV disease or secondary complications despite the long duration of active lesions in surviving patients. Interestingly, in this group of patients all episodes of CMV and VZV reactivation responded promptly to ganciclovir or ACV therapy, respectively (data not shown).
Acyclovir-resistant HSV infections occur almost exclusively in immunocompromised patients and are most commonly seen in individuals infected with human immunodeficiency virus. 14, 15 Several lines of evidence highlight the importance of cell-mediated immunity (mediated by T cells and NK cells) in providing protection from HSV reactivation as well as healing of established lesions. [16] [17] [18] [19] In the patient population described here, significant NK cell recovery occurred early after transplantation, but did not prevent viral reactivation or facilitate clearance. Healing of HSV lesions correlated with recovery of CD4 ϩ and CD8 ϩ T cells, which was delayed. These data are consistent with in vitro and animal studies implicating CD4 ϩ and CD8 ϩ effector T cells as essential for clearance of HSV and healing of lesions. 16, 18 Our experience illustrates the importance of drug-resistant HSV in alternative donor transplantation, particularly when stringent lymphocyte depletion is used. The HSV prophylaxis regimen used was not adequate for prevention of HSV reactivation in this clinical setting, although using the same antiviral prophylaxis, we have seen ACV-resistant HSV infection in only 2 (3.4%) of 59 patients receiving transplants from matched unrelated donors at our institution since January 1997 (versus 5 [36%] of 14 patients in the current series, P ϭ .002). Administration of higher doses of prophylactic ACV for longer periods before and after transplantation may reduce the incidence of HSV reactivation and development of drug resistance in these patients; however, it may not completely eliminate the problem given that most reactivation episodes in this series occurred during antiviral therapy. Combination or sequential antiviral prophylaxis may be more effective than single-agent therapy, although this remains to be tested.
On the basis of these data, we have modified the HSV prophylaxis for this protocol: HSV-seropositive patients receive ACV 10 mg/kg intravenously every 8 hours from day Ϫ4 through engraftment, followed by valacyclovir 1000 mg orally twice a day until at least 6 months after transplantation and achievement of a CD4 count more than 200/L. To date, 6 seropositive patients have received the more aggressive prophylaxis; 2 patients have had HSV reactivation, with only one case of ACV-resistant HSV infection. Not tested NA 144, relapse ALL indicates acute lymphocytic leukemia; CR2, complete response; CP2, chronic phase 2; AML, acute myelogenous leukemia; IV, intravenous; for other abbreviations, see Table 1. RESISTANT HSV AFTER HPC TRANSPLANTATION 1087 BLOOD, 1 FEBRUARY 2002 ⅐ VOLUME 99, NUMBER 3 For personal use only. on September 24, 2017. by guest www.bloodjournal.org From
